Introduction
============

Being neglected in social interaction is an aversive experience. It directly impacts our affective state ([@B33]) and mental health ([@B17]). To examine the psychological consequences of social exclusion, [@B39] introduced the cyberball paradigm which simulates exclusion in a virtual ball tossing game (see **Figure [1A](#F1){ref-type="fig"}**). The participant is represented as an avatar on a computer screen, and two other avatars putatively represent human co-players connected via internet. The co-players, however, are computer-generated, and pass the ball back and forth in so-called "exclusionary\" rallies. Retrospectively, the participants' reports indicate that not receiving the ball anymore or even just receiving the ball less frequently threatens fundamental social needs (belonging, self-esteem, control, and meaningful existence), and elicits negative mood ([@B42]; [@B38]). A recent meta-analysis ([@B12]), based on 120 cyberball studies, confirmed the reliability of the exclusionary effect on self-reports, and estimated a large effect size (*d* \> 1.4). As a consequence of the reliable exclusion effects and their large effect size that could be retrieved with this easy to implement paradigm, cyberball emerged as the gold standard in experimental research on the effects of social exclusion. Correspondingly, the paradigm has been used beyond the field of Social Psychology, for instance in Clinical Psychology ([@B26]; [@B3]; [@B6]), Developmental Psychology ([@B22]; [@B37]; [@B41]), or Health Psychology ([@B30]; [@B23]).

![**(A)** Display for the experimental groups (inferior vs. superior), and the corresponding icons used thereafter. The position of the two putative co-players was centered horizontally, and, depending on group assignment, the position of the participant's avatar varied vertically. The photos representing co-players were not real photos, but morphs. Presentation of the ball in spatial proximity to the participants' avatar signaled "ball possession" and requested the participant to move the ball to a co-player by pressing a corresponding button on a keyboard. Co-players' ball possession randomly lasted between 400--1400 ms. After the participants key press or a varying co-player ball possession time, the ball vanished for 500 ms before reappearing in proximity to another avatar. **(B)** Analysis of ERP effects was based on the difference waves computed for the conditions "ball reception of the participants (self)" (red trace) vs. "ball reception of the co-players (others)" (blue trace). **(C,D)** Grand-averaged difference ERPs (negativity up) separated for the experimental groups at inferior **(C)** and superior **(D)** position. Superimposed are the traces for the experimental groups with low exclusion (*p* = 26%) and high exclusion (*p* = 16%). At the four midline electrodes (AFz, Fz, Cz, and Pz), the P3 amplitude is mostly expressed at centro-parietal positions in the time range from 340 to 420 ms.](fpsyg-09-01762-g001){#F1}

To further elucidate the cognitive processes involved in the processing of social exclusion, [@B34], [@B35]), [@B20], and [@B36] additionally recorded event-related brain potentials (ERPs). Specifically, participants first ran an inclusionary block (probability of ball reception: 33%), immediately followed by a partial-exclusion block (probability of ball reception: 16%). As shown in previous work, this setup induces the exclusionary effects reliably. Accordingly, in self-reports significant effects on the threat of social needs and negative mood. The ERP results indicated that a transition from inclusion to partial exclusion was associated with an increase of a centro-parietal positivity at about 350 ms ([@B8]; [@B34]). This ERP component evoked by the task-relevant event (ball reception) resembles the characteristics of the P3 ([@B24]). Comparable to the effect of subjective probability in an *oddball paradigm* ([@B2]), the P3 amplitude reflects the degree of expectancy violation triggered by the transition from inclusion to partial exclusion in cyberball ([@B35]). In other words, the P3 amplitude reflects the deviation from an expected event, here defined by the previous experience of social involvement.

The violation of expectancy, however, critically depends on the psychological factor verticality that is built into the experimental set up of the cyberball paradigm because the avatar of the participant is presented *below* the avatars of the two co-players on the computer screen. As verticality is known to affect a wide range of psychological states, such as goals, motives, and emotions ([@B11]), it is likely to also impact the processing of social exclusion. Most consistently, an effect of verticality on the self-attribution of social power has been found ([@B29]): Whereas a "high" position indicates control over others, a "low" position signals a subordinate status ([@B5]). From a social embodiment perspective, verticality is not a mere metaphor, but activates goals and motives automatically, and serves as a perceptual symbol of power ([@B7]). Consequently, our social interactions are inevitably affected by information on the vertical status.

Since the standardized experimental setup of the cyberball paradigm includes verticality, the activation of the psychological mechanism attached to verticality can be assumed to also affect the processing of social exclusion in the cyberball game. First evidence for this idea was provided by [@B28] based on a *between-participant design*. They argued that the vertical position of the participant in the standardized setup below both co-players might serve as a perceptual symbol of social power. [@B28] flipped the standard setup and found a significant modulation of the exclusionary effects: In the group of participants, in which the avatar of the participant was positioned above the putative co-players, the threat of social needs was less expressed than in the group of participants with an avatar at an inferior position. The impact of verticality on the participants' evaluation supports the idea that the feeling of need threat induced by ostracism can be modulated by self-assigned social power.

[@B20] also hypothesized that verticality affects the self-assignment of social power but questioned the reduced sensitivity of the superior position. The exclusionary effect was induced in a *within-participant design* by a transition from an inclusionary block (ball reception 33%) to partial-exclusion (ball reception: 16%). As predicted, the effect of exclusion in self-reports depended on the vertical position of the participants: compared to superior and even vertical position -- regarding the position of the putative co-players -- the increase in need threat and negative mood were less expressed for participants at inferior position. In contrast to the findings of [@B28], this lower spatial position prepared the participants for being neglected by the co-players. As revealed by the analysis of ERPs, this process is associated with a shift in subjective expectancies: At an inferior position, the effect on the P3 amplitude (Δ\[inclusion -- exclusion\]) is significantly reduced as compared to even or superior position. Hence, the vertical position affects the processing of the exclusionary event: Participants with an avatar at an inferior position appeared to be prepared for exclusion, so that the deviance to the *a priori* expected involvement was less expressed.

The parallel pattern of behavioral and electrophysiological results in the [@B20] study strongly support the conclusion that self-assigned power as influenced by vertical position biases the subjective expectation of social participation. According to the model of social exclusion by [@B14], the deviation between expected and perceived social participation determines the evaluation of social participation. Moreover, the degree of deviation reflects an inconsistency within the cognitive system which is assumed to trigger aversive arousal ([@B25]). At an inferior position, the bias in expectancy reduces the inconsistency, and exclusionary events are therefore experienced as less aversive.

The differences in outcome between the studies of [@B28] and [@B20] direct our attention to two crucial factors in the experimental design and setup of cyberball studies: First, most cyberball studies are based on between-participant designs which imply that participants receive either an inclusionary or an exclusionary condition. In contrast, in cyberball studies which are based on within-participant designs, participants receive an inclusionary rally followed by an exclusionary rally. Apart from obviously having a larger statistical power, a *within*-design allows to modify the participants expectation of involvement. As a participants' evaluation of exclusion can be modified by the previous experience of an inclusionary rally ([@B8]), effects in self reports and ERPs might be differently pronounced. Second, the majority of behavioral (i.e., non-neuroscience) cyberball studies are restricted in length: the number of throws rarely exceeds 30 throws ([@B12]). In contrast, cyberball studies applying ERPs require a higher number of experimental trials (100 throws or more) which bears the possibility of changes over time within one rally. Investigating these changes can yield additional insight into the processing of participation. In an earlier ERP study [@B13] observed a marked reduction of the P3 amplitude over time. Following an expectancy account, such a process might signal an adaptation process which should affect the self-report on the experience of social participation.

With the present study, we aim to test whether the predictions of an expectancy account on social exclusion also apply for the commonly used between-participant design. We ask whether the behavioral and ERP correlates of social exclusion observed previously ([@B20]) can also be observed if a within-participant baseline is not provided. Moreover, we ask whether the assumed bias in expectancy on participation induced by verticality also applies to the between-participant design. Finally, we take advantage of the longer runs necessary for ERP studies in order to explore systematic changes of the ERP signal over time.

The predictions derived from the expectancy account on social exclusion will be detailed in the following:

First, an expectancy account predicts that the ERP signature signaling expectancy violation in the cyberball paradigm does not necessarily require a preceding inclusionary experience and can also be found in a between-participant design. Our main argument is that an exclusionary event *per se* violates participants' *a priori* expectation of participation. Specifically, we predicted that the violation of the *a priori* expectation affects the expression of the P3 amplitude: Following our previous results, the P3 amplitude is expected to be more pronounced in a high as compared to a low exclusion condition (Hypothesis 1a). A corresponding effect is expected for the subjective evaluation of social participation (Hypothesis 1b).

Second, an expectancy account predicts that a biasing process induced by vertical position also applies to a *between*-design. A previous within-participant study ([@B20]) indicated that the vertical position of the participants' avatar provides a bias in the expectancy of involvement, and therefore affects the sensitivity for a transition from an inclusionary to an exclusionary condition. This process should also apply to between-participant designs: Building on the same argument as above, the vertical position should *per se* modulate the *a priori* expectation of involvement in the game. In other words, the bias on expectancy induced by verticality does not necessarily require an immediately preceding inclusionary condition. Hence, we predicted that ERP effects (Hypothesis 2a) and self-reports (Hypothesis 2b) signal a reduced expectation of participation and a corresponding reduced need-threat for participants with avatars located at inferior as compared to superior position.

Third, following an expectancy account, systematic changes in the P3 amplitude in the time course of inclusionary and/or exclusionary runs can be related to a recalibration process. In line with previous findings ([@B13]), we hypothesized that the P3 amplitude will be reduced over time (Hypothesis 3a). The biasing effect of vertical position \[see above, ([@B20])\] might also affect the recalibration of expectation: We assume that an adaptation of the *a priori* expectation of participation is more strongly expressed in participants with avatars located at inferior as compared to superior position (Hypothesis 3b).

Materials and Methods {#s1}
=====================

Participants
------------

The local ethics committee approved the experimental procedure. All participants provided their written consent for participating according to the Declaration of Helsinki. Based on previous results on the effect of verticality ([@B20]), mid to high-sized effects of the experimental factors (probability, vertical position) were expected for the questionnaire and the ERP data. According to a G^∗^Power ([@B4]) power analysis, a total sample of 90 participants would be needed to detect medium-sized to strong effects \[$\eta_{p}^{2}$ = 0.30, adjusted to the taxonomy of ([@B1])\] with a power of 80% using a *F* test with alpha at 0.05. With the final sample size of *N* = 84, a power of 0.78 to detect the expected effects was achieved.

In total, 97 participants were examined. We excluded thirteen participants due to a too low number of single EEG sweeps (less than 20) available in at least one experimental condition following a strict artifact rejection (criteria: see below). The number of remaining sweeps was insufficient to provide a reliable averaged ERP signal following the split-half analysis of the EEG data. The remaining 84 participants (age *M* = 22.3 years, *SD* = 4.38 years, range: 18--36 years, 55 female, 29 male) had self-reportedly no history of psychiatric or neurological disorders. Participants were randomly assigned to one of the four experimental conditions resulting from orthogonally combining vertical position (inferior vs. superior) with two reduced probabilities of ball reception: (26% vs. 16% of all ball throws.

Task and Design
---------------

The experimental setup (programmed in MATLAB; R2012a, The MathWorks, Inc.) consisted of the cyberball game, which was preceded by a cover story task about training visual imagery. Details on the experimental task have already been described elsewhere ([@B20]). In order to allow a comparison of effects, the setup of the study -- including instruction, cover story, visual presentation, and timing of events -- followed the setup of a previous within-participant design experiment ([@B20]).

All participants were told that they took part in a study testing visual imagination capabilities, and a corresponding short questionnaire about visual imagination ability (Vividness of Visual Imagery Questionnaire, [@B18]) was to be completed as a supposed training of visual imagery. The setup of the cyberball game is depicted in **Figure [1A](#F1){ref-type="fig"}**: Participants were told that they would play a ball-tossing game with two other co-players connected via internet. The computer display (7° × 7° at a viewing distance of 120 cm) featured the photos of two putatively connected co-players. The photos of the co-players were presented continuously, whereas the presentation of the ball was dynamic. Presentation of the ball in spatial proximity to the participants' avatar signaled "ball possession." By pressing a keyboard button, the participant could select the player to whom she/he wanted to throw the ball. No speeded response of the participant was required and a systematic effect of experimental factors on response time was not found (see **Supplementary Data Sheet [4](#SM4){ref-type="supplementary-material"}**). Participants were instructed to restrict eye movements to the area on the screen defined by ball positions (approximately 2° × 2°). Co-players' ball possession lasted randomly between 400 and 1.400 ms. After the participants key press or a varying player ball possession time, the ball vanished for 500 ms before reappearing in proximity to another avatar. To adapt to the technical requirements of ERP recording and to reduce eye movements, the ball position was indicated as a stationary cue, and a ball trajectory was not displayed.

The position of the photos of the two putatively connected co-players was centered with respect to verticality. The position of the avatar of the participants' avatar was centered horizontally, but its vertical position depended on the group assignment. In the condition "inferior" and "superior," the avatar was positioned 2.6° below or above of the co-players, respectively. The distance of the participants' avatar to the photos of the co-players was comparable (3°) in all conditions.

Following the instructions and a short training introduction (20 ball throws), the participants played one block of the cyberball game. Depending on random assignment, participants either received the ball with a slightly reduced probability (26% of all ball throws, *lowEXC*, low partial exclusion), or with a highly reduced probability (16% of all ball throws, *highEXC*, high partial exclusion). The probabilities and their classification (low vs. high partial exclusion) refer to a "fair" ball reception expectation of 33% (given the number of co-players). The total number of ball throws was 250 in the 16%-condition (*highEXC*) and 200 in the 26%-condition (*lowEXC*). Correspondingly, the number of a ball receptions of the participant was 40 in the 16%-condition and 52 in the 26%-condition.

Immediately following the ball tossing game, participants were asked to estimate the frequency of ball reception (manipulation check), and to fill out the Need Threat Questionnaire (NTQ). The NTQ measures the effect of exclusion on the perceived level of social need threat (scales: belonging, self-esteem, meaningful existence, and control) and on negative mood ([@B39]). Each scale consists of three items to be rated on 5-point Likert scales (ranging from 1 "not at all" to 5 "completely"), assessing how much each item applies to the subject, the mood index is calculated from eight different items. Its validity has been confirmed in numerous studies based on the cyberball paradigm ([@B12]). As there is evidence that the credibility of the cover story does neither affect the rating of the social need threat ([@B42]), nor the expression of the P3 component ([@B34]), the questionnaire did not include an item to check credibility. Moreover, previous studies did not indicate that verticality affects the credibility of the cover story ([@B20]). After completing all the questionnaires, participants were fully debriefed and gave informed consent again.

EEG Recording
-------------

Six active Ag/AgCl electrodes were positioned at midline (AFz, Fz, Cz, and Pz) and lateral fronto-central positions (FC5, FC6). FCz served as the ground electrode, Active electrodes (impedance \<5 kΩ) were referenced to linked earlobes. Using EEG-8 amplifiers (Contact Precision Instruments, Cambridge, United Kingdom), biosignals were recorded continuously at a sampling rate of 500 Hz, and an online bandpass filter (0.01--100 Hz). To control for ocular artifacts, vertical and horizontal electrooculogram (EOG) were recorded. Off-line, EEG data were analyzed using "Brain Vision Analyzer" (Version 1.05, Brain Products GmbH, Gilching, Germany). EEG data were offline-filtered (0.3--30 Hz, 24 dB/Oct) and segmented with respect to the onset of ball reception of the participant ("self") or one of the co-players ("others"). Please note, that the latter event did not consider trials in which the participant was the sender. Epoch length of each segment extended from −100 to 700 ms. Each segment was corrected to baseline (−100 to 0 ms).

EEG trials with muscular or ocular artifacts (e.g., blinks) were excluded from analysis. In a first run, artifacts were detected semi-automatically by applying an amplitude criterion (\>80 μV). In a subsequent visual inspection, trials were eliminated if this criterion (a) applies to the horizontal or vertical EOG, (b) applies to the baseline period of an EEG segment, and (c) signals sustained alpha activity in the EEG. Furthermore, trials were controlled for slow drifts (linear deviations from baseline extending for more than 300 ms) and high-frequency bursts (electric activity exceeding 50 Hz, and 40 μV).

Following this rigorous procedure, 42% of the trials (*n* = 250) were rejected in the *highEXC* condition, leaving a mean number of artifact-free trials of 145.48 (*SD* = 22.08). This includes a mean number of trials of 29.0 (*SD* = 5.05) for the event "self" and 116.48 (*SD* = 19.65) for the event "other." In the *lowEXC* condition, artifacts were more frequent and 48% of the trials (*n* = 200) were rejected, leaving a mean number of artifact-free trials of 103.38 (*SD* = 15.54). This includes a mean number of trials of 32.24 (*SD* = 5.13) for the event "self" and 71.13 (*SD* = 10.94) for the event "other." Due to the differences in rejection rate, the mean number of trials for the event "self" included in the averaging procedure did not differ significantly between the 16%- and the 26%-condition, *F*(1,82) = 3,226, *p* = 0.076, $\eta_{p}^{2}$ = 0.038. Due to the partial exclusion of the participants across all conditions, there were more segments for the event "ball reception of the co-player" (other) as compared to the event "ball reception of the participant" (self). Therefore, the number of EEG segments in the conditions "other" was adjusted to the number of segments in the "self" condition by random selection in each participant.

Data Analysis
-------------

### EEG Data

Within a participant, ERPs were separately averaged for the factor "ball recipient" (self vs. other), and electrode position. Between subjects, the factors "position" (inferior vs. superior) and "probability" (*lowEXC* vs. *highEXC*) were considered. For each participant, the difference ERP for the conditions "self" -- "other" was computed. This procedure has already been used in a previous study ([@B8]), and accounts for interindividual differences in ERP amplitudes which could mask experimental effects in between-participant designs. Our analysis of the data also showed that ERPs to the event "other" (ball reception of the co-players) were not significantly modulated by the experimental factors "position" or "probability" (**Supplementary Data Sheet [1](#SM1){ref-type="supplementary-material"}**). Experimental effects are therefore due to systematic effect on the ERP response to ball reception of the participant ("self").

Following the inspection of the grand-averaged difference ERP (self -- others), the maximum of the P3 was found at centro-parietal positions at about 380 ms. Considering that the P3 has a sustained time course, the mean amplitude was estimated for each participant in the time range extending from 340 to 420 ms. The analysis was restricted to a time window of 80 ms in order to allow a comparison with the results of a previous experiment ([@B20]). Exported mean amplitudes in this time range were analyzed using SPSS (version 22, IBM). To analyze effects of the experimental manipulations on the P3 amplitude (self -- others), an ANOVA was calculated including the between-participant factors "position" and "probability," and the within-participant factor "electrode position." Analysis was restricted to the centro-parietal midline electrodes (Cz, Pz). As in previous studies ([@B8]; [@B21]; [@B35]), P3 amplitudes were most expressed at these sites. The results of the ANOVA are reported with Greenhouse-Geisser corrected degrees of freedom and *p*-values, if indicated. In case of significant interactions of the experimental factors, corresponding *post hoc* comparisons were performed.

To analyze systematic changes within an experimental block of the P3 amplitude, we performed a split-half analysis: ERP data of each participant were separately averaged for the first and second half of the artifact-free set of preprocessed sweeps (factor "half": 1st vs. 2nd). The averaged ERP was at least based on ten sweeps, and visual inspection ensured that the ERP component of interest could be identified reliably in the condition "self." For each half, difference waves were computed (ball reception "self" -- "others"), and mean amplitudes for the time range 340--420 ms were computed. The extracted data were analyzed running an ANOVA including the within factors "half" (1st vs. 2nd) and electrode position (Cz, Pz), and the between factors "verticality" (inferior vs. superior) and "probability" (partial exclusion "low" vs. "high"). *Post hoc* test was performed in case of an interaction with the factor "half." The split-half analysis is a rather conservative approach to analyze the variability of the P3. This technique has already been used in a previous cyberball study ([@B13]), confirming that systematic changes in amplitude can be detected.

The differences in vertical position of the avatar also induced different ocular activity which became apparent in the vEOG signal. However, eye movements are unlikely to contribute to the effect of verticality on the P3 described below: Significant differences in the vEOG signal depending on the vertical position of the participant's avatar were expressed in the time range of interest \[340--420 ms: *F*(1,80) = 67.73, *p* \< 0.001, $\eta_{p}^{2}$ = 0.458\], but also in the preceding time range \[240--320 ms: *F*(1,80) = 63.09, *p* \< 0.001, $\eta_{p}^{2}$ = 0.438\]. ERP effects of verticality, however, were only observed in the P3 range (340--420 ms, see below), but not in the preceding time range (see **Supplementary Data Sheet [6](#SM6){ref-type="supplementary-material"}**). Moreover, the effect of verticality on the P3 was restricted to the second half of the experimental block (see below), whereas the vEOG effect of verticality was observed in both halves (see **Supplementary Data Sheets [4](#SM4){ref-type="supplementary-material"}, [5](#SM5){ref-type="supplementary-material"}**).

### Questionnaire Data

Participants' questionnaire data (estimated frequency of ball reception, four NTQ scales, negative mood) were analyzed using SPSS (version 22, IBM). To check reliability of NTQ measures for the present sample, Cronbach's alpha was calculated for each scale, ensuring high internal consistency for scales "self," "existence," and negative mood (α = 0.824--892). Internal consistency was lower for scales "belonging" (α = 0.642) and "control" (α = 0.583). Please note that homogeneity of variances (Levene test) was asserted for all but one scale: For the scale "meaningful existence," equal variances between groups could not be assumed (*p* \< 0.001). For this reason, the results of the appropriate Brown-Forsythe-Test will be reported for this scale additionally, in the result section.

The data were separately analyzed running 2 × 2 ANOVAs, including the between-participants factors "verticality" and "probability." In a first run, the mean NTQ score summarized over the four scales was analyzed. As the four NTQ scales (belonging, self-esteem, meaningful existence, and control) refer to different psychological constructs ([@B40]) and are correspondingly affected selectively by experimental manipulation ([@B28]), they were additionally analyzed independently. Reported degrees of freedom and *p*-values were corrected according to Greenhouse-Geisser, and as for the ERP data, corrected *p*-values will be reported. In case of significant interactions, *post hoc* comparisons were performed.

Results
=======

Descriptive statistics on the questionnaire data and P3 amplitudes are summarized in **Table [1](#T1){ref-type="table"}** (Raw data: see **Supplementary Data Sheets [2](#SM2){ref-type="supplementary-material"}, [3](#SM3){ref-type="supplementary-material"}**).

###### 

Means for the questionnaire and ERP data, separated for group assignment (position: inferior vs. superior) and ball reception probability (*p* = 26% \[*lowEXC*\] vs. *p* = 16% \[*highEXC*\]).

  Position                         Inferior                       Superior                                                        
  -------------------------------- ------------------------------ ------------------------------- ------------------------------- ---------------------------------
  Estimated ball reception \[%\]   26.0 \[1.9\] \[22.3, 29.7\]    13.4 \[2.0\] \[9.5, 17.2\]      25.2 \[1.8\] \[21.6, 28.8\]     14.3 \[2.0\] \[10.3, 18.2\]
  NTQ mean                         3,49 \[0.13\] \[3.22, 3.75\]   2,94 \[0.14\] \[2.67, 3.22\]    3.25 \[0.13\] \[2.99, 3.51\]    2.49 \[0.14\] \[2.21, 2.77\]
  NTQ: belonging                   3.56 \[0.19\] \[3.18, 3.94\]   3.03 \[0.20\] \[2.64, 3.43\]    3.48 \[0.19\] \[3.11, 3.85\]    2.67 \[0.21\] \[2.26, 3.07\]
  NTQ: self-esteem                 3.50 \[0.17\] \[3.15, 3.85\]   3.13 \[0.18\] \[2.77, 3.50\]    3.22 \[0.17\] \[2.88, 3.56\]    2.49 \[0.19\] \[2.12, 2.87\]
  NTQ: meaningful existence        4.59 \[0.21\] \[4.17, 5.01\]   3.45 \[0.22\] \[3.01, 3.89\]    4.06 \[0.21\] \[3.65, 4.47\]    3.11 \[0.23\] \[2.66, 3.56\]
  NTQ: control                     2.29 \[0.22\] \[1.85, 2.72\]   2.15 \[0.23\] \[1.70, 2.61\]    2.24 \[0.21\] \[1.81, 2.66\]    1.70 \[0.24\] \[1.23, 2.17\]
  Negative mood                    8.34 \[0.61\] \[7.12, 9.56\]   8.90 \[0.64\] \[7.62, 10.18\]   9.48 \[0.60\] \[8.28, 10.67\]   11.34 \[0.66\] \[10.03, 12.66\]
  P3 amplitude                     4.92 \[0.83\] \[3.27, 6.57\]   6.81 \[0.87\] \[5.08, 8.55\]    5.21 \[0.81\] \[3.59, 6.82\]    10.37 \[0.89\] \[8.59, 12.14\]
  P3 amplitude (1st half)          6.29 \[0.76\] \[4.75, 7.83\]   7.55 \[0.80\] \[5.93, 9.17\]    5.92 \[1.05\] \[3.81, 8.05\]    11.87 \[1.18\] \[9.47, 14.26\]
  P3 amplitude (2nd half)          5.17 \[0.72\] \[3.71, 6.63\]   6.48 \[0.76\] \[4.95, 8.02\]    5.96 \[0.93\] \[4.08, 7.83\]    12.77 \[1.05\] \[10.65, 14.87\]

First row refers to the mean and standard error of mean, the second row to the upper and lower limits of confidence intervals (95%).

Estimated Frequency of Ball Perception
--------------------------------------

The retrospective estimation of the frequency of ball reception served as a manipulation check and ensures that the variation of the degree of exclusion was perceived. This manipulation check (see **Figure [2D](#F2){ref-type="fig"}**) confirmed that both conditions were perceived reliably: The factor "probability" discriminated between the experimental groups and that the percentage of ball reception was correctly estimated. The factor "verticality" did not influence the participants' estimation. The ANOVA confirmed the main effect of "probability," *F*(1,80) = 38.231, *p* \< 0.001, $\eta_{p}^{2}$ = 0.323, but did not reveal a main effect of "verticality," or an interaction.

![Descriptive statistics for the self-report and ERP data, separated for the experimental factors "position" (inferior vs. superior) and "probability" (16% vs. 26%). Error bars refer to the standard error of the mean. The icons refer to the vertical position of the participant (inferior vs. superior). **(A)** Negative mood was more pronounced in participants at superior position, and increased with by higher exclusion probability. **(B)** The same pattern was observed for the NTQ scale "self-esteem." **(C)** Decreasing the probability of ball reception had an increasing effect on P3 amplitude. The increase was more pronounced in participants at superior position. **(D)** The estimated ball reception confirmed that participants noticed the probability of ball reception in all four experimental groups correctly.](fpsyg-09-01762-g002){#F2}

NTQ Scales
----------

The mean NTQ score summarizing the four scales signaled that social needs were threatened to a stronger degree in the *highEXC* as compared to the *lowEXC* condition, *F*(1,80) = 22.923, *p* \< 0.001, $\eta_{p}^{2}$ = 0.223. The level of social need threat was significantly more expressed in participants with avatars at a superior position, *F*(1,80) = 6.410, *p* = 0.013, $\eta_{p}^{2}$ = 0.074. An interaction of the factors was not detected.

For all single NTQ scales and across positions, satisfaction of social needs was reduced to a stronger degree in the *highEXC* condition than in the *lowEXC* condition (see **Table [1](#T1){ref-type="table"}**). This difference yielded significant main effects in the analyses of factor "probability" for the scales "belonging," *F*(1,80) = 11.639, *p* = 0.001, $\eta_{p}^{2}$ = 0.128, "self-esteem," *F*(1,80) = 9.323, *p* = 0.003, $\eta_{p}^{2}$ = 0.104, and "meaningful existence," *F*(1,80) = 23.533, *p* \< 0.001, $\eta_{p}^{2}$ = 0.227, but did not reach significance for "control." The need threat appears to be more expressed for the groups at superior position, independently of the degree of partial exclusion. Corresponding differences reached significance for the scales "self-esteem," *F*(1,80) = 6.623, *p* = 0.012, $\eta_{p}^{2}$ = 0.076 (see also: **Figure [2B](#F2){ref-type="fig"}**), and "meaningful existence," *F*(1,80) = 4.149, *p* = 0.045, $\eta_{p}^{2}$ = 0.049. No interaction between factors was detected for any of the NTQ scales.

The additional Brown-Forsythe-Test indicated for the scale "meaningful existence" (see section "Materials and Methods") confirmed a significant effect of the factor "probability," *F*(1,80) = 21.941, *p* \< 0.001, but showed only a marginal effect of the factor "position," *F*(1,80) = 3.031, *p* = 0.085.

Negative Mood
-------------

Negative mood (**Figure [2A](#F2){ref-type="fig"}**) was enhanced by decreasing probability of ball reception, although the ANOVA barely failed to show a significant difference, *F*(1,80) = 3.696, *p* = 0.058, $\eta_{p}^{2}$ = 0.044. The effect of verticality was more clearly expressed at superior position, indicating a more negative mood, *F*(1,80) = 38.067, *p* = 0.006, $\eta_{p}^{2}$ = 0.092. Although an effect of probability appeared to be more expressed at superior position, no significant interaction was found.

P3 Amplitude
------------

The grand-averaged ERPs rely on differences waves (ball reception "self" -- "other"). As depicted in **Figure [1B](#F1){ref-type="fig"}**, the grand-averaged ERP for the event "ball reception other" is characterized by a phasic negativity at 180 ms, and a phasic positivity at 220 ms returning to baseline. The negativity was also expressed for the event "ball reception self," whereas the positivity was more expressed and sustained. The difference wave was primarily dominated by this positive shift which was pronounced at centro-parietal sites with a maximum at about 380 ms. As mentioned above, the statistical analysis was based on the mean amplitude in the time range 340--420 ms and considered the midline electrodes Cz and Pz. Please note that the ERP response to the event "others" was not affected by the experimental factors "verticality" and "probability." The corresponding analysis of the amplitude effects is provided in the **Supplementary Data Sheet [1](#SM1){ref-type="supplementary-material"}**.

Independent of vertical group assignment, the P3 amplitude was increased in the condition *highEXC* as compared to *lowEXC* (**Figures [1C,D](#F1){ref-type="fig"}**, **[2C](#F1){ref-type="fig"}**). This pattern was confirmed by a significant effect in the ANOVA, *F*(1,80) = 17.166, *p* \< 0.001, $\eta_{p}^{2}$ = 0.177. Overall, the mean P3 amplitudes were also increased in participants in superior positions. Again, the ANOVA confirmed the main effect of "verticality," *F*(1,80) = 5.075, *p* = 0.027, $\eta_{p}^{2}$ = 0.060. As for negative mood, the effect of "probability" appears to be more strongly expressed in the superior as compared to the inferior group. The ANOVA, however, barely failed to confirm a significant effect, *F*(1,80) = 3.694, *p* = 0.058, $\eta_{p}^{2}$ = 0.044.

Split-Half Effect of the P3 Amplitude
-------------------------------------

To analyze systematic variations of the P3 within a block of the cyberball game, we conducted a split-half analysis of the ERP data. To this end, the ERP responses in the first and in the second half of the cyberball game were compared. The corresponding grand-averaged ERPs (difference waves self-other) are depicted in **Figure [3A](#F3){ref-type="fig"}** for the parietal electrode Pz.

![Grand-averaged ERP responses to the event "ball reception" in the cyberball game. ERP responses in the first and second half of an experimental run are superimposed and separated for the probability conditions (26% ball reception, 16% ball reception). **(A)** For participants with an avatar at superior position, the amplitudes -- here depicted for electrode Pz -- are slightly increased. This effect was obtained for both probability conditions. **(B)** For participants with an avatar at inferior position, Pz amplitudes are clearly reduced and this effect was obtained for both probability conditions. **(C)** Mean amplitudes in the P3 range compared for the first and second half. The reduction in the inferior group was found to be significant. Error bars refer to the standard error of the mean.](fpsyg-09-01762-g003){#F3}

In the temporal window of interest, the P3 amplitude appeared to remain stable for the participants at superior position. In contrast, the amplitudes were decreased in the second half for participants at inferior position. **Figure [3B](#F3){ref-type="fig"}** indicates that the amplitude reduction is comparably expressed for both levels of the factor "probability," *lowEXC* and *highEXC*.

The ANOVA confirmed the impression that the effect of the factor "half" was differently expressed in the experimental groups and depended on verticality (see **Figure [3C](#F3){ref-type="fig"}**). The analysis did not reveal a significant main effect of the factor "half," but a significant interaction with the factor "verticality," *F*(1, 80) = 4.899, *p* = 0.030, $\eta_{p}^{2}$ = 0.058. Both were not found to be modulated by the factor "probability."

The follow-up comparisons indicated no significant differences between first and second half in the superior group \[*F*(1,39) = 0.749, *p* = 0.392, $\eta_{p}^{2}$ = 0.019\]. However, they showed a significant reduction of P3 amplitude for the inferior groups in the second half of the block, *F*(1,40) = 5.752, *p* = 0.021, $\eta_{p}^{2}$ = 0.126).

Discussion
==========

The present research tested the prediction of an expectancy violation account on the processing of social exclusion in a between-participant design. In addition to self-reports, ERPs provided an online measurement of the participants' evaluation processes. We predicted that an exclusionary event *per se* violates participants' *a priori* expectation of participation. Accordingly, this violation should affect the expression of the P3 amplitude (Hypothesis 1a), as well as the subjective evaluation of social participation (Hypothesis 1b). Furthermore, we predicted ERPs (Hypothesis 2a) and self-reports (Hypothesis 2b) to signal a reduced expectation of participation for participants with avatars located at inferior position. Finally, we hypothesized that the P3 amplitude will be reduced over time (Hypothesis 3a) and that the adaptation of the *a priori* expectation of participation is more strongly expressed at inferior as compared to superior position (Hypothesis 3b). To test these predictions, we orthogonally combined vertical position of the participants' avatar with respect to the co-players (inferior vs. superior) with two reduced probabilities of ball reception in a between-participants design.

The results of the ERP and questionnaire data confirmed our hypotheses. First, we observed the ERP signature of an expectancy violation in exclusionary blocks (Hypothesis 1a), and the corresponding effects on self-reports (Hypothesis 1b). Second, vertical position affected the ERP signature of exclusion (Hypothesis 2a) and the self-reports (Hypothesis 2b) indicating a reduced expectation of participation for players with avatars at inferior position. Third, the level of the P3 amplitude decreased within an experimental block (Hypothesis 3a). As expected, this effect was closely linked to the vertical position of a participant and can be related to a selective recalibration of expectancy for participants with avatars located at inferior position (Hypothesis 3b). Taken together, this pattern of results consistently supports the notion that prediction of an expectancy account can be confirmed using a between-participant designs. In the following, we provide a more thorough analysis of the three main findings.

Processing of Exclusionary Events in the Between-Participant Design
-------------------------------------------------------------------

The effect of partial exclusion on the P3 effect is in line with previous studies ([@B8]; [@B34]) reporting a significant increase of the P3 amplitude with transition to a low probability of ball reception. Furthermore, recent research provided evidence that this ERP effect depends on the violation of expectation rather than on probability: If probability for ball reception is reduced, but not unexpected (i.e., by increasing the number of co-players), the P3 amplitude is not increased and the feeling of exclusion is not reported in the self-reports ([@B35]).

However, an unexpected reduction of the probability of ball reception leads to an increase in P3 amplitude, and correspondingly, the self-reported threat to social needs (NTQ) and aversive affective state is expressed to a larger degree. The P3 amplitude therefore serves as the neurophysiological manifestation of an expectancy violation process, which can be related to a neural network underlying the computation of the probabilistic structure of relevant events ([@B31]; [@B19]). With this study, we support the empirical evidence for an expectancy violation process in the evaluation of social participation that has already been stressed in theoretical models ([@B16]; [@B14]). Moreover, the fact that we could extend the ERP effect to the between-participant design in the present research confirms that the expectancy violation account does not necessarily require an immediately preceding inclusionary experience. This supports the crucial role of *a priori* expectations of participation that has already been highlighted in clinical studies on individuals with Borderline personality disorder ([@B9]).

The Verticality Effect in the Between-Participant Design
--------------------------------------------------------

Following previous results ([@B20]), we hypothesized that participants at inferior position are biased toward exclusionary events. The present research confirmed that the effect of verticality extends to the between-participant design for both, P3 effects and self-reports: The reduced P3 amplitude effects suggested that partial exclusion was less surprising at an inferior position. Accordingly, aversive affect was less expressed, and threats to social needs (here: self-esteem and meaningful existence) were reduced. Note that this "preparedness for exclusion" elicited by verticality did not affect the estimated percentage of ball perception (see **Figure [2D](#F2){ref-type="fig"}**).

A possible candidate for the mechanism mediating the main effect of verticality on sensitivity to social exclusion could be a differential self-assignment of social power ([@B29]). An inferior position signals that participants are less powerful which biases the processing of exclusionary events. A corresponding mechanism has been described for self-relevant injustice ([@B27]).

Note that the replication of the verticality effect running a *between*-design supports the idea that vertical position biases the *a priori* expectation of involvement in the game, and not exclusively the sensitivity for a transition from inclusion to exclusion. This conclusion will be discussed in more detail below.

Verticality-Specific Adaptation Process of the P3 Amplitude
-----------------------------------------------------------

The split-half analysis of the P3 data confirmed that fluctuations in amplitude may signal systematic changes of the cognitive state ([@B19]). First evidence for such a psychophysiological process within the cyberball game was provided by [@B13]: Within a block of total exclusion, the P3 amplitude triggered by the event "ball reception of the co-player" was significantly reduced when comparing the first and the second half of the block. According to the authors, the effect is due to a shift in the distribution of attentional resources: More attention is supposed to be directed to exclusionary cues in the initial stages of an interaction. When participants realize that they never receive the ball, attention is moved away from these cues.

Our data confirm a reduction of the P3 amplitude within a block, but the effect was observed for the relevant event "*self*," i.e., the ball reception of the participant. This result does not support the idea of an attentional shift because our split half effect can be observed in both, high and low partial exclusion conditions. Following Kawamoto's line of reasoning, in neither of these conditions a re-direction of attention should be obtainable since occasional ball reception was always provided. More importantly, the ERP split-half effect is restricted to participants with an avatar at inferior position.

As expected, the reduction of the P3 amplitude within a block of the cyberball game is therefore in line with an adjustment process in the participants' expectation of participation. The adjustment process, in turn, affects the ratings the retrospective self-reports. These processes can be modulated by vertical position associated with social power: An inferior position signals low social power, and the participant re-adjusts the level of expected participation more rapidly to recurrent aversive exclusionary events. Due to this adaptation process, retrospective self-reports signal a reduced need threat. In contrast, a superior position signals an enhanced social power. As signaled by the P3, participants do not adjust the level of expectancy to recurrent aversive events. Correspondingly, social need threat is expressed highly in the retrospective self-reports.

Consider that the standard cyberball procedure is restricted to 30--40 ball throws ([@B12]), and will therefore fail to detect differential adaptation effects depending on vertical position. This difference in the experimental setup is also likely to contribute to the findings of [@B28] indicating a higher sensitivity in participants with avatars at inferior position.

Please note that the differential reduction of the P3 amplitude is also speaks to the question whether the effect of verticality might be due to differences in the sensory processing of stimuli in the upper and lower visual field. For early visually evoked potentials, differences in latency and amplitude have been reported ([@B15]; [@B10]) reflecting differences in the underlying neuroanatomy. In our data, however, the effect of verticality was not significantly pronounced in the first half (superior vs. inferior: *F*(1,81) = 2.426, *p* = 0.123, $\eta_{p}^{2}$ = 0.029), but only in the second half (superior vs. inferior: *F*(1,81) = 9.702, *p* = 0.003, $\eta_{p}^{2}$ = 0.107) of the experiment block. If differences in early sensory processing trigger the P3 amplitude effect, it should have been expressed in both halves of the experiment. Moreover, visual field asymmetries were not observed in a passive (and non-social) oddball task with a visual target event defined either in the upper or in the lower visual field: Data of this pilot study (*n* = 14 participants) did not reveal differences in the P3 amplitude depending on the vertical position of the target (see **Supplementary Data Sheet [7](#SM7){ref-type="supplementary-material"}**). Together, this pattern of results supports our idea that the effect of verticality on the P3 amplitude is reliable beyond differences in the sensory processing of stimuli in the upper and lower visual field.

Integration of the Results of Between- and Within-Participant Designs
---------------------------------------------------------------------

As mentioned before, the experimental setup -- including the experimental factors "probability" and "verticality" -- has also been used in a previous experiment running a within-participant design ([@B20]). This enables a tentative comparison of the confidence intervals and effect sizes to evaluate whether the choice of the experimental design affects the sensitivity of the ERP and questionnaire effects.

With respect to the experimental factor "probability of ball reception" the sensitivity of the ERP markers seems to be reduced in a between-participants design. In the present study, the mean of the "probability" effect (conditions *highEXC* -- *lowEXC*) was 6.62 μV (95% CI: 2.92--10.31) indicating a moderate effect size ($\eta_{p}^{2}$ = 0.15). In the previous within-participant study, the corresponding effect was clearly more pronounced with a mean "probability" effect of 11.64 μV (95% CI: 9.29--13.98) indicating a large effect size \[$\eta_{p}^{2}$ = 0.73, ([@B20])\]. Please note that both studies did not differ with regard to probability of ball reception (partial exclusion, 16%). Moreover, we did not observe ERP differences for the event "ball perception of co-players" (others) in this study, whereas previous studies -- relying on a within-participant design ([@B13]; [@B32]; [@B35]) -- reported such a P3 effect of exclusion.

The self-report data confirm the differences in sensitivity for exclusion depending on the choice of the experimental design: Combining the four NTQ scales, we observed a mean "probability" effect of 0.641 (95% CI: 0.364--0.919) indicating a moderate effect size ($\eta_{p}^{2}$ = 0.205) in the between-participant design of the present study. In contrast, when running a *within-*design the mean "probability" effect was as twice as large (*M* = 1.216, 95% CI: 0.930--1.503), and indicated a large effect size ($\eta_{p}^{2}$ = 0.642) ([@B20]).

The differences in sensitivity seems to extend to the second experimental factor, "vertical position": In a previous within-participant study ([@B20]) effects of verticality (inferior vs. superior) were significantly increased by a transition from an inclusionary to an exclusionary condition. This interaction of verticality and exclusionary status ($\eta_{p}^{2}$ = 0.21) signaled that the verticality does not affect the processing of an *a priori* expectation of involvement (fair condition). Rather, it biases the processing of the transition from expected (inclusion) to unexpected (exclusion) social participation. Although the present results tend to replicate this interaction with respect to the P3 effects (see **Figure [2C](#F2){ref-type="fig"}**, $\eta_{p}^{2}$ = 0.04), the interaction is not replicable for self-reports: Here, the vertical position apparently biases negative affect and threat to social needs independently of the degree of partial exclusion.

In sum, we observed a noticeable reduction in sensitivity to the experimental factors "probability" and "verticality" when running a between-participant design. ERP effect sizes were degraded and the interaction of experimental factors (namely, verticality and degree of exclusion) seemed to rely on the previous experience of inclusion. We assume that a preceding inclusionary run provided the participant with a more-reliable within-participant baseline and served the adjustment of expectation. The assumed process of adjustment is consistent with theoretical models of social exclusion ([@B16]; [@B14]), and can be integrated in a more-general model on inconsistency compensation ([@B25]).

Conclusion
==========

The present research confirms that the predictions of an expectancy account on social participation can be extended to the between-participant design typically used in behavioral cyberball studies. Put differently, exclusionary events *per se* violate participants' *a priori* expectation of participation. Moreover, we identified ERP markers for a temporal adaptation of expectancy of involvement which depends on the vertical position: Whereas subjective expectancy for participation remained stable at a superior position, we find a gradually reduced subjective expectation of participation at an inferior position during virtual interaction in the cyberball game. In other words, the "preparedness for exclusion" associated with the inferior position([@B20]) becomes more apparent in long- rather than in short-lasting interactions. Consequently, group differences relying on the re-adjustment of expectation processes will not become visible if interactions are restricted in time.

Integration of the present research with previous studies suggests that the experimental design affects the processing of social exclusion in the cyberball paradigm. The reduced effects sizes in the between-participant designs could be due to a lack of a reliable within-participant baseline of expectation. A promising avenue for future research would therefore be to directly test possible mechanisms responsible for the reduced effects sizes found in the between-participant design.
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